
Abstract
!

Chemical investigation of the aerial parts of Il-
licium simonsii resulted in the isolation of nine
new compounds, simonsols A−E (1–5), simonsins
A−B (7–8), terpene-sesquineolignans, clovane-
dunnianol (9), and p-menthadunnianol (10).
Compound 5was equilibrated with 7 as an insep-
arable mixture. The structures were elucidated by

extensive NMR and MS analysis. Compounds 9,
10, and the mixture of 5 and 7 moderately inhib-
ited acetylcholinesterase with IC50 values of
4.58 µM, 6.55 µM, and 10.34 µM, respectively.
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Introduction
!

The genus Illicium is the only member of the fam-
ily Illiciaceae and is an evergreen shrub or tree [1].
Prenylated C6−C3 compounds, neolignans, and
sesquiterpene lactones are considered to be char-
acteristic constituents of the Illicium species,
some of which have been known to show neuro-
trophic activities [2,3]. Recently, unique preny-
lated C6−C3 compounds were extracted from the
genus Illicium [4–6]. Illicium simonsii is a toxic
shrub of this genus and is mainly distributed in
Southern China.
In the previous paper, six sesquilignans and a ses-
quiterpene with anti-acetylcholinesterase (AChE)
activity were isolated from the stem bark of I. si-
monsii [7]. Three unique sesquineolignans, farge-
nin and fargenones A and B, were also isolated
from the pericarps of I. fargesii, and their activity
of promoting neurite outgrowth was tested [8].
As part of our continuing studies on biologically
active compounds in the Illicium species, the
CHCl3-soluble fraction of the ethanol extract from
the aerial parts of I. simonsii was investigated,
which led to the isolation of nine new com-
pounds, simonsols A–E (1–5), simonsins A–B (7–
8), terpene-sesquineolignans, clovanedunnianol
(9), and p-menthadunnianol (10) (l" Fig. 1). In this
* The first two authors contributed equally to this work.
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paper, we describe their structures and anti-AChE
activity.
Materials and Methods
!

General experimental procedures
Optical rotations were recorded on a JASCO P-
1020 polarimeter. IR and UV spectra were re-
corded on a Bruker Tensor 27 FT‑IR spectrometer
and a Shimadzu UV2401PC spectrometer, respec-
tively. 1D and 2DNMR spectra were recorded on
Bruker Avance 600 or AM400 MHz spectrometers
with TMS as internal standard at room tempera-
ture. HREIMS and HRESIMS were recorded on an
API QSTAR Pulsar 1 spectrometer. Column chro-
matography (CC) was performed on silica gel
(100–200 mesh; Qingdao Marine Chemical Ltd.),
Sephadex LH-20 (Amersham Biosciences), RP-18
gel (40 × 75 µm; Fuji Silysia Chemical Ltd.), and
MCI gel (75–150 µm; Mitsubishi Chemical Corpo-
ration). Analytical and semipreparative HPLC
were performed on Shimadzu LC-20AT system
equipped with Extend-C18 column (4.6 ×
150mm) and YMC-Pack ODS‑A column (10 ×
150mm).

Plant material
The aerial parts of I. simonsii were collected in
southwest China, Yunnan province. The plant ma-
terial was identified by Dr. Rong Li, Kunming In-
nd Terpene-Sesquineolignans:… Planta Med 2013; 79: 1–11
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Fig. 1 Structures of compounds 1–10.
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stitute of Botany, Chinese Academy of Sciences, Kunming,
Yunnan, Peopleʼs Republic of China, where a voucher specimen
(LSF011–12) is deposited.

Extraction and isolation
The air-dried aerial parts of I. simonsii (28 kg) were powdered
and extracted with EtOH (100 L), and the crude extract was con-
centrated under reduced pressure to yield a dark black residue.
The residue was then extracted successively with petroleum
ether (3 × 10 L), CHCl3 (3 × 10 L), and n-BuOH (3 × 10 L). The CHCl3
extract (1378 g) was applied to silica gel CC (20 × 80 cm, 5000 g),
eluting with CHCl3/MeOH (20:1, 10:1, 5 :1, 2 :1, each 50 L), to
yield fractions 1–20. Fraction 10 (20 g) was subjected to silica gel
CC (7 × 50 cm, 500 g; petroleum ether/Me2CO, 90:10, 80 :20,
70:30, each 6 L) to yield fractions A−D. Fraction C (5 g) was chro-
matographed on silica gel (3 × 40 cm, 300 g; petroleum ether/
EtOAc, 95 :5 to 80:20 gradient) to yield fractions C1−C4. Fraction
C3 (102mg) was purified by column chromatography on silica gel
(2 × 30 cm, 30 g), eluting with petroleum ether/EtOAc (20:1 to
15:1 gradient) to yield 1 (15mg, purity > 90%). Fraction 11 (3 g)
was subjected to RP-18 column chromatography (3 × 45 cm, 25 g;
MeOH/H2O, 40:60 to 70:30 gradient), with final purification by
silica gel CC (CHCl3/Me2CO, 200:1, 2 L), to yield 2 (15mg, purity
> 90%). Fraction 14 (6 g) was chromatographed on MCI gel col-
umn chromatography (5 × 45 cm, 50 g), eluting with a gradient
system of MeOH/H2O (80:20 to 95:5), to give fractions G1−G8.
Fraction G5 (1.5 g) was subjected to silica gel CC (petroleum
ether/Me2CO, 20:1 to 5:1 gradient) to afford four fractions (G51
−G54). Pure 3 (35mg, purity > 90%) was isolated by crystalliza-
tion from fraction G53 (50mg). Fraction 16 (4.5 g) was separated
by chromatography on MCI gel (5 × 45 cm, 50 g) using MeOH/H2O
(60:40 to 80:20) as gradient eluent to give fractions H1−H5.
Fraction H5 (2 g) was subjected to CC of reversed-phase C18 silica
gel (3 × 45 cm, 25 g; MeOH/H2O, 40:60, 50:50, 60 :40, 70 :30,
80:20, each 4 L) to afford fractions H51−H55. Pure 4 (10.0mg,
purity > 90%) was obtained from fraction H52 (85mg). H53
(283mg) was chromatographed on Sephadex LH-20 (2 × 200 cm,
60 g) and further purified by HPLC to give a mixture of 5 and 7
(18mg, tR 20.0min, CH3CN/H2O 80:20, purity > 90%). H54
(527mg) was chromatographed on Sephadex LH-20 (2 × 200 cm,
60 g) and further purified by HPLC to give 7 (14mg, tR 44.0min,
CH3CN/H2O 75:25, purity > 90%). Fraction 17 (3 g) was subjected
to RP-18 column chromatography (3 × 45 cm, 25 g; MeOH/H2O,
80:20 to 90:10 gradient) to give six subfractions I1−I6. I2
(495mg) was chromatographed over silica gel and Sephadex LH-
20 (2 × 200 cm, 60 g) to give a residue (63mg), from which 8
(50mg, tR 22.5min, CH3CN/H2O 75:25, purity > 90%) was iso-
lated by HPLC. I5 (378mg) was chromatographed on Sephadex
LH-20 (2 × 200 cm, 60 g) and purified by HPLC to afford 10
(15mg, tR 24.0min, CH3CN/H2O 90:10, purity > 90%). I6
(237mg) was separated by chromatography on Sephadex LH-20
(2 × 200 cm, 60 g) using MeOH as eluent and finally purified by
HPLC to afford 9 (12mg, tR 4.0min, CH3CN/H2O 96:4, purity
> 90%).
Simonsol A (1): yellow gum; UV (CHCl3) λmax (log ε) 261 (3.01),
240 (3.13) nm; [α]D26 − 15.5 (c 0.2, CHCl3); IR νmax (KBr) 3423,
1674, 1638, 1490, 1431, 1332, 1171, 1043, 914, 820 cm−1; 1H
(600MHz) and 13C (100MHz) NMR data: see l" Tables 1 and 2;
HREIMS m/z 414.1823 [M]+ (calcd. for C27H26O4, 414.1831).
Simonsol B (2): colorless gum; UV (CHCl3) λmax (log ε) 268 (2.97),
240 (3.04) nm; [α]D26 − 4.4 (c 0.3, CHCl3); IR νmax (KBr) 3424, 1679,
1638, 1491, 1431, 1334, 1183, 1079, 998, 914, 822 cm−1; 1H
Dong C et al.
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(600MHz) and 13C (150MHz) NMR data: see l" Tables 1 and 2;
HRESIMS m/z 431.1849 [M+H]+ (calcd. for C27H27O5, 431.1858).
Simonsol C (3): white amorphous solid; UV (CHCl3) λmax (log ε)
302 (3.19), 240 (3.52) nm; [α]D18 − 10.5 (c 0.3, CHCl3); IR νmax

(KBr) 3428, 1688, 1639, 1498, 1471, 1417, 1216, 992, 911 cm−1;
1H (600MHz) and 13C (100MHz) NMR data: see l" Tables 1 and
2; HRESIMS m/z 421.1775 [M + Na]+ (calcd. for C27H26O3Na,
421.1779).
Simonsol D (4): colorless gum; UV (CHCl3) λmax (log ε) 345 (2.97),
284 (3.06), 261 (3.41), 238 (3.34), 199 (3.14) nm; [α]D11 + 98.8 (c
0.3, CHCl3); IR νmax (KBr) 3430, 2952, 1743, 1640, 1486, 1437,
1276, 1176, 1000, 917, 821, 643 cm−1; 1H (600MHz) and 13C
(100MHz) NMR data: see l" Tables 2 and 3; HRESIMS m/z
469.1996 [M + Na]+ (calcd. for C28H30O5Na, 469.1990).
Simonsol E (5) and simonsin A (7): colorless gum; UV (MeOH)
λmax (log ε) 287 (3.15), 203 (4.00) nm; [α]D23 + 45.8 (c 0.3, MeOH);
IR νmax (KBr) 3425, 1639, 1489 cm−1; 1H (400MHz) and 13C
(100MHz) NMR data: see l" Tables 2 and 3; HREIMS m/z
400.2037 [M]+ (calcd. for C27H28O3, 400.2038).
Simonsin A (7): colorless gum; UV (CHCl3) λmax (log ε) 287 (3.11),
239 (2.99), 214 (2.56), 198 (2.56) nm; [α]D11 − 15.1 (c 0.4, CHCl3);
IR νmax (KBr) 3425, 1639, 1489, 1250, 915, 818 cm−1; 1H
(600MHz) and 13C (100MHz) NMR data: see l" Tables 2 and 3;
HRESIMS m/z 423.1932 [M + Na]+ (calcd. for C27H28O3Na,
423.1936).
Simonsin B (8): colorless gum; UV (CHCl3) λmax (log ε) 288 (3.00),
239 (2.95), 215 (2.47), 210 (2.47), 198 (2.47) nm; [α]D12 + 27.0 (c
0.1, CHCl3); IR νmax (KBr) 3431, 1638, 1491, 914 cm−1; 1H
(600MHz) and 13C (100MHz) NMR data: see l" Tables 2 and 3;
HRESIMS m/z 439.1889 [M + Na]+ (calcd. for C27H28O4Na,
439.1885).
Clovanedunnianol (9): colorless gum; UV (MeOH) λmax (log ε) 290
(3.30), 217 (4.04) nm; [α]D22 − 8.2 (c 0.2, MeOH); IR νmax (KBr)
3428, 2951, 1639, 1498, 1216 cm−1; 1H (400MHz) and 13C
(100MHz) NMR data: see l" Table 4; HREIMS m/z 618.3702 [M]+

(calcd. for C42H50O4, 618.3709).
p-Menthadunnianol (10): colorless gum; UV (MeOH) λmax (log ε)
291 (3.22), 218 (3.91) nm; [α]D22 − 13.9 (c 0.1, MeOH); IR νmax

(KBr) 3425, 1498 cm−1; 1H (600MHz) and 13C (150MHz) NMR da-
ta: seel" Table 4; HREIMSm/z 550.3077 [M]+ (calcd. for C37H42O4,
550.3038).

Bioassay
AChE/butyrylcholinesterase (BuChE) inhibitory activities of the
compounds isolated were assayed by the spectrophotometric
method developed by Ellman et al. [9]. S-Acetylthiocholine io-
dide, S-butyrylthiocholine iodide, 5,5′-dithio-bis-(2-nitroben-
zoic) acid (DTNB, Ellman′s reagent), acetylcholinesterase and bu-
tyrylcholinesterase derived from human erythrocytes were pur-
chased from Sigma Chemical. Compounds were dissolved in
DMSO. The reaction mixture (totally 200 µL) containing phos-
phate buffer (pH 8.0), test compound (50 µM), and acetylcholi-
nesterase (0.02 U/mL) or butyrylcholinesterase (0.016 U/mL),
was incubated for 20min (30°C). The reaction was initiated by
the addition of 40 µL of solution containing DTNB (0.625mM)
and acetylthiocholine iodide (0.625mM) or butyrylthiocholine
iodide (0.625mM) for AChE or BuChE inhibitory activity assay,
respectively. The hydrolysis of acetylthiocholine or butyrylthio-
choline was monitored at 405 nm every 30 seconds for one hour.
Tacrine (purity > 99%) was purchased from Sigma Chemical and
used as positive control with final concentration of 0.333 µM. All
the reactions were performed in triplicate. The percentage inhi-
Sesquineolignans and Terpene-Sesquineolignans:… Planta Med 2013; 79: 1–11
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Table 1 1H NMR data of compounds 1–3.

No. 1a 2a 3b

1

2 5.93 (d, 10.2)

3 6.51 (d, 2.5) 6.61 (s) 6.71 (dd, 10.2, 1.8)

4

5α 2.04 (dd, 12.8, 2.5) 3.85 (d, 5.0) 4.99 (ddd, 3.4, 1.8, 1.5)

5β 2.27 (d, 12.8)

6α 2.89 (dd, 16.0, 3.4)

6β 2.83 (dd, 16.0, 1.5)

7 2.82 (2H, d, 6.9) 2.39 (dd, 13.8, 4.8) 2.79 (dd, 14.0, 7.8)

3.37 (dd, 13.8, 6.0) 2.97 (dd, 14.0, 6.8)

8 5.54 (ddt, 17.3, 10.2, 6.9) 5.77 (dddd, 17.3, 10.2, 6.0, 4.8) 5.91 (dddd, 16.9, 10.1, 7.8, 6.8)

9 5.06 (dd, 10.2, 2.3) 5.11 (dd, 10.2, 2.7) 5.18 (dd, 10.1, 2.0)

5.14 (dd, 17.3, 2.3) 5.21 (dd, 17.3, 2.7) 5.29 (dd, 16.9, 2.0)

1′

2′

3′ 7.06 (d, 1.2) 7.00 (d, 2.3) 7.23 (d, 1.2)

4′

5′ 7.01 (dd, 8.3, 1.2) 6.99 (dd, 8.8, 2.3) 7.12 (d, 1.2)

6′ 6.80 (d, 8.3) 6.77 (d, 8.8)

7′ 3.27 (2H, d, 6.6) 3.27 (2H, d, 6.6) 3.40 (2H, d, 6.8)

8′ 5.90 (ddt, 16.9, 10.4, 6.6) 5.90 (ddt, 16.7, 10.0, 6.6) 5.96 (ddt, 13.6, 11.7, 6.8)

9′ 5.00 (dd, 10.4, 2.4) 5.00 (dd, 10.0, 3.6) 5.08 (dd, 11.7, 3.6)

5.01 (dd, 16.9, 2.4) 5.02 (dd, 16.7, 3.6) 5.11 (dd, 13.6, 3.6)

1″

2″

3″ 6.49 (d, 2.4) 6.48 (d, 2.6) 7.07 (d, 2.1)

4″

5″ 6.89 (dd, 8.2, 2.4) 6.90 (dd, 8.2, 2.6) 7.01 (dd, 8.2, 2.1)

6″ 6.64 (d, 8.2) 6.66 (d, 8.2) 6.86 (d, 8.2)

7″ 3.16 (2H, d, 6.8) 3.16 (2H, d, 6.8) 3.30 (2H, dt, 6.6, 1.7)

8″ 5.83 (ddt, 16.8, 9.9, 6.8) 5.83 (ddt, 16.9, 10.2, 6.8) 6.01(ddt, 18.0, 12.4, 6.6)

9″ 4.96 (dd, 9.9, 2.4) 4.95 (dd, 10.2, 2.4) 5.02 (ddt, 12.4, 3.6, 1.7)

4.98 (dd, 16.8, 2.4) 4.97 (dd, 16.9, 2.4) 5.03 (ddt, 18.0, 3.6, 1.7)

OH-1″ 9.08 (s) 9.15 (s) 7.77 (s)

OH-5 5.75 (d, 5.0)

OH-4 7.89 (s) 7.65 (s)

a Measured in DMSO-d6, recorded at 600MHz, δH in ppm, J in Hz; b Measured in acetone-d6, recorded at 600MHz, δH in ppm, J in Hz
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bitionwas calculated as follows: % inhibition = (E – S)/E × 100 (E is
the activity of the enzyme without test compound, and S is the
activity of enzyme with test compound). Inhibition curves were
obtained for each compound by plotting the percent inhibition
versus the logarithm of inhibitor concentration in the assay solu-
tion. The linear regression parameters were determined for each
curve, and the IC50 values extrapolated. The same procedure was
applied for the positive control tacrine.

Supporting information
These data contain NMR and MS spectra of compounds 1–4, 7–
10, and the mixture of 5 and 7 as well as IC50 curves of the anti-
AChE activity of compounds 9, 10, and the mixture of 5 and 7.
Results and Discussion
!

Compound 1 was obtained as yellow gum. Its molecular formula
was established as C27H26O4 on the basis of HREIMS at m/z
414.1823 [M]+ (calcd. for C27H26 O4, 414.1831), indicating 15
degrees of unsaturation. Its IR spectrum showed the presence of
hydroxyl group (3423 cm−1), conjugated carbonyl group
(1674 cm−1), and aromatic ring (1638 and 1490 cm−1). The 1H
Dong C et al. Sesquineolignans and Terpene-Sesquineolignans:… Planta Med 2013
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NMR spectrum of 1 (l" Table 1) showed signals due to three allyl
groups and two 1,2,4-trisubstituted benzene rings. These struc-
ture fragments were confirmed by analysis of the HSQC and 1H-
1H COSY spectra. The 13C NMR spectrum of 1 (l" Table 2) showed
the presence of 27 carbons, which were categorized into one car-
bonyl carbon, nine quaternary carbons, ten methines, and seven
methylenes. These spectroscopic analyses indicated that the
whole structure was assembled by three 4-allylphenols, with
one of the aromatic rings modified to a cyclohexenone ring [10].
The HMBC correlations (l" Fig. 2) of H-3/C-1, 2, 5, H-5/C-1, 3, 4, 6,
H-7/C-1, 5, 6, and OH-4/C-3, 4, 5 confirmed that 1 possessed a cy-
clohexenone ring. The ketone carbonyl, a cyclohexenone ring,
two aromatic rings, and four double bonds accounted for four-
teen degrees of unsaturation, with one remaining degree of un-
saturation attributed to a ring in 1. According to the above spec-
troscopic analyses, a dihydropyran ring might be rarely created
between C-4 and C-1′ or between C-4 and C-1″ due to the chem-
ical shift of C-4 at δC 94.3. The HMBC correlations of OH‑1″/C-1″,
2″, 6″, H-3/C-2″, H-3″/C-2 and H-7, 5/C‑2′ showed that a dihydro-
pyran ring was closed between C-1′ and C-4 instead of C-4 and C-
1″. The relative configuration on C-4 and C-6 was elucidated on
the basis of the ROESY spectrum (l" Fig. 3). The NOE correlations
of OH-4/H-5β, H-5β/H‑8, H-5β/9, and H-7/H‑3′ suggested the β-
; 79: 1–11
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Table 2 13C NMR data of compounds 1–5 and 7–8.

No. 1a 2b 3c 4d 5c 7c 8a

1 195.3 s 193.9 s 195.1 s 171.1 s 208.7 s 109.9 s 107.7 s

2 137.5 s 138.3 s 127.5 d 204.3 s 49.3 d 46.7 d 76.9 s

3 142.9 d 143.2 d 149.5 d 39.6 t 39.8 t 37.9 t 42.4 t

4 94.3 s 94.5 s 49.5 s 49.4 s 48.7 s 48.1 s 46.6 s

5 37.9 t 65.3 d 85.7 d 87.3 d 86.0 d 85.0 d 83.7 d

6 48.8 s 54.9 s 39.3 t 35.8 t 39.8 t 38.5 t 37.2 t

7 36.6 t 33.0 t 40.7 t 41.0 t 45.1 t 44.8 t 45.3 t

8 133.8 d 133.7 d 133.8 d 133.0 d 134.5 d 134.8 d 134.1 d

9 119.1 t 119.2 t 119.6 t 119.5 t 119.4 t 118.8 t 118.6 t

1′ 152.1 s 150.7 s 155.2 s 155.9 s 158.9 s 158.1 s 156.7 s

2′ 120.5 s 119.2 s 131.8 s 131.9 s 133.4 s 134.4 s 133.0 s

3′ 126.7 d 126.6 d 123.3 d 124.1 d 131.2 d 124.7 d 123.6 d

4′ 132.1 s 132.3 s 134.2 s 132.2 s 134.5 s 132.8 s 131.0 s

5′ 129.3 d 128.7 d 131.6 d 129.1 d 128.6 d 129.2 d 127.7 d

6′ 117.2 d 116.4 d 122.2 s 110.3 d 109.6 d 109.7 d 108.3 d

7′ 38.8 t 38.8 t 40.3 t 39.8 t 43.2 t 40.2 t 39.0 t

8′ 138.1 d 138.0 d 138.9 d 137.7 d 139.1 d 139.2 d 138.3 d

9′ 115.6 t 115.7 t 115.7 t 115.4 t 115.4 t 115.4 t 115.2 t

1″ 153.1 s 152.9 s 153.5 s 161.0 s 153.7 s 157.0 s 154.6 s

2″ 122.3 s 121.9 s 124.9 s 119.5 s 128.5 s 130.6 s 131.8 s

3″ 130.1 d 130.0 d 131.9 d 129.5 d 124.8 d 125.2 d 124.0 d

4″ 129.3 s 129.3 s 132.7 s 130.3 s 131.6 s 132.7 s 131.3 s

5″ 129.1 d 129.2 d 129.7 d 137.4 d 129.8 d 129.0 d 129.2 d

6″ 115.4 d 115.3 d 117.2 d 118.6 d 116.1 d 109.7 d 108.9 d

7″ 38.6 t 38.4 t 39.9 t 39.0 t 40.2 t 40.2 t 39.1 t

8″ 138.1 d 138.0 d 139.0 d 136.9 d 139.3 d 139.2 d 138.2 d

9″ 115.4 t 115.4 t 115.5 t 116.2 t 115.3 t 115.3 t 115.4 t

a Recorded in DMSO-d6, 100MHz; b Recorded in DMSO-d6, 150MHz; c Recorded in Acetone-d6, 100MHz; d Recorded in CDCl3, 100MHz
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orientation of the allyl group of C-6 and the hydroxyl group of C-
4. Thus, the structure of 1 was established as shown in l" Fig. 1,
and the compound named simonsol A.
Compound 2was isolated as colorless gum. Its molecular formula
was determined as C27H26O5 on the basis of a HRESIMS peak at
m/z 431.1849 [M + H]+. Comparison of the NMR spectroscopic da-
ta of 2 and 1 revealed similarities except for one more hydroxyl
group at C-5 in 2, causing a downfield chemical shift of C-2 (δC
138.3) and C-6 (δC 54.9). The HMBC correlations (l" Fig. 2) of
OH-5/C-4, 5, 6 and H-5/C-1, 6 further confirmed that the hydrox-
yl group was connected to C-5. The β-orientation of the allyl
group of C-6 and two hydroxyl groups of C-4 and C-5 was appar-
ent from the ROESY correlations (l" Fig. 3) of OH-4/OH-5, OH-5/
H-7, and H-7/H-3′. Therefore, the structure of 2 was established
as shown in l" Fig. 1, and the compound named simonsol B.
Compound 3 was obtained as white amorphous solid. It was as-
signed the molecular formula C27H26O3 by positive HRESIMS,
possessing 15 degrees of unsaturation. The 1H NMR spectrum of
3 (l" Table 1) showed signals corresponding to three allyl groups,
one 1,2,4-trisubstituted benzene ring [δH 7.07 (d, J = 2.1 Hz, H-
3″), 7.01 (dd, J = 8.2, 2.1 Hz, H-5″), 6.86 (d, J = 8.2 Hz, H-6″)], and
one 1,2,4,6-tetrasubstituted benzene ring [δH 7.23 (d, J = 1.2 Hz,
H-3′), 7.12 (d, J = 1.2 Hz, H-5′)]. The HMBC correlations (l" Fig. 2)
of H-2/C-1, 4, H-3/C‑1, 4, H-5/C‑1, 3, 4, 6, H-6/C‑1, 2, 4, 5, and H-
7/C-3, 4, 5 indicated the existence of a cyclohexanone ring. Its
NMR data were indicative of sesquineolignan and were similar
to those of 6 isolated from I. dunnianum [10] except for the pres-
ence of a methine (δC 127.5, C-2) and a quaternary carbon (δC
122.2, C-6′) in 3, suggesting a different formation of three 4-allyl-
phenols. The HMBC correlations of H-5′/C-2″ and H-3″/C-6′ fur-
Dong C et al.
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ther indicated that two aromatic rings were linked between C-
2″ and C-6′. In the NOE experiment, H-7 showed correlations
(l" Fig. 3) with H-3′ and H-5, the latter of which showed cross
peak with H-6β, revealing that H-5 and the allyl group of C-4
were oriented on the same side (β) of the molecule. Conse-
quently, the structure of 3 was established as shown in l" Fig. 1,
and the compound named simonsol C.
Compound 4was obtained as colorless gum. Its molecular formu-
la was determined as C28H30O5 by HRESIMS data. The NMR data
(l" Tables 2 and 3) attributable to structure fragments of two
1,2,4-trisubstituted benzene rings, three allyl groups, two meth-
ylenes, an oxy-methine carbon, and a quaternary carbon were in
good agreement with those in 1–3 (l" Tables 1 and 2), leading the
authors to make the postulate that 4 was a sesquineolignan with
substructure of a nonaromatic ring. In the HMBC spectrum, a
methine proton H-5 at δH 5.22 showed correlations to carbons at
δC 171.1 (C-1) and 39.6 (C-3). Furthermore, the HMBC correla-
tions of H‑6/C-1, 4, 5, H-3/C-2 (δC 204.3), 4, 5, H‑7/C-3, 4, 5 and
the absence of correlations between H-6/C-2 and H-3/C-1 indi-
cated that the postulated nonaromatic ring was unprecedentedly
broken between C-1 and C-2. Additionally, a methyl group proton
(δH 3.75) correlated to C-1 implied that C-1 was esterified with a
methyl group. The connection of the remaining two 4-allylphe-
nol units was unambiguously elucidated by the HMBC correla-
tions of H-3/C-2″, H-3″/C-2, H-3, 5/C-2′, and H-3′/C-4. The forma-
tion of a dihydrofuran ring between C-5 and C-1′was apparently
deduced from the HMBC correlation of H-5/C-1′ and one remain-
ing unsaturation degree requirement. The relative configuration
of C-4 and C-5 was assigned by the ROESY correlations (l" Fig. 3).
The ROESY correlations of H-6β/H-5, H-5/H‑7, and H-3α/H-6α re-
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Table 3 1H NMR data of compounds 4–5 and 7–8.

No. 4a 5b 7c 8d

1

2 2.96 (dd, 11.6, 5.2) 3.37 (dd, 12.3, 5.1)

3α 2.91 (d, 16.0) 1.97 (dd, 13.5, 11.6) 1.67 (dd, 14.2, 12.3) 1.98 (d, 14.3)

3β 3.72 (d, 16.0) 2.78 (dd, 13.5, 5.2) 2.52 (dd, 14.2, 5.1) 2.38 (d, 14.3)

4

5 5.22 (dd, 10.5, 3.0) 5.03 (dd, 12.8, 5.5) 4.71 (dd, 11.2, 5.2) 4.65 (dd, 4.7, 4.2)

6α 2.64 (dd, 20.4, 10.5) 2.82 (dd, 14.0, 12.8) 2.06 (dd, 12.9, 11.2) 2.10 (dd, 14.1, 4.2)

6β 2.62 (dd, 20.4, 3.0) 3.19 (dd, 14.0, 5.5) 2.48 (dd, 12.9, 5.2) 2.27 (dd, 14.1, 4.7)

7 2.69 (2H, ddd, 7.5, 1.7, 1.7) 2.66 (2H, dt, 6.8, 1.6) 2.59 (2H, d, 7.3) 2.47 (dd, 13.5, 6.6)

2.55 (dd, 13.5, 8.4)

8 5.68 (ddt, 17.3, 10.2, 7.5) 5.76 (ddt, 16.0, 12.0, 6.8) 5.64 (ddt, 17.3, 10.2, 7.3) 5.49 (dddd, 15.6, 12.6, 8.4, 6.6)

9 5.03 (ddt, 17.3, 3.6, 1.7) 5.11 (ddt, 12.0, 2.5, 1.6) 5.06 (dd, 10.2, 2.1) 5.02 (dd, 15.6, 2.6)

5.05 (ddt, 10.2, 3.6, 1.7) 5.18 (ddt, 16.0, 2.5, 1.6) 5.12 (dd, 17.3, 2.1) 5.03 (dd, 12.6, 2.6)

1′

2′

3′ 6.78 (d, 1.8) 6.63 (d, 2.3) 6.94 (d, 2.0) 6.68 (d, 2.0)

4′

5′ 6.95 (dd, 8.0, 1.8) 6.85 (dd, 8.0, 2.3) 6.89 (dd, 8.1, 2.0) 6.69 (dd, 8.1, 2.0)

6′ 6.79 (d, 8.0) 6.67 (d, 8.0) 6.59 (d, 8.1) 6.38 (d, 8.1)

7′ 3.22 (2H, dt, 6.8, 1.8) 2.75 (dd, 13.6, 3.2) 3.27 (2H, dt, 6.4, 1.7) 3.15 (2H, d, 6.7)

3.17 (dd, 13.6, 4.0)

8′ 5.77 (ddt, 18.0, 12.0, 6.8) 5.89 (dddd, 17.0, 12.0, 4.0,
3.2)

5.93 (ddt, 15.0, 11.1, 6.4) 5.82 (ddt, 17.4, 10.8, 6.7)

9′ 4.98 (ddt, 12.0, 3.0, 1.8) 5.01 (dd, 12.0, 2.4) 5.02 (ddt, 11.1, 3.4, 1.7) 4.98 (dd, 17.4, 3.3)

5.01 (ddt, 18.0, 3.0, 1.8) 5.04 (dd, 17.0, 2.4) 5.05 (ddt, 15.0, 3.4, 1.7) 4.99 (dd, 10.8, 3.3)

1″

2″

3″ 7.20 (d, 2.3) 7.13 (d, 2.0) 7.02 (d, 1.9) 6.84 (d, 2.1)

4″

5″ 7.28 (dd, 8.6, 2.3) 6.99 (dd, 8.1, 2.0) 6.90 (dd, 8.2, 1.9) 6.80 (dd, 8.1, 2.1)

6″ 6.92 (d, 8.6) 6.70 (d, 8.1) 6.57 (d, 8.2) 6.38 (d, 8.1)

7″ 3.24 (2H, dt, 6.6, 1.9) 3.34 (2H, d, 6.5) 3.29 (2H, dt, 6.8, 1.9) 3.19 (2H, d, 6.8)

8″ 5.87 (ddt, 16.8, 10.1, 6.6) 5.82 (ddt, 16.0, 12.0, 6.5) 5.90 (ddt, 15.6, 10.2, 6.8) 5.87 (ddt, 18.0, 10.8, 6.8)

9″ 5.07 (ddt, 16.8, 4.1, 1.9) 4.93 (dd, 12.0, 3.5) 4.96 (ddt, 10.2, 3.2, 1.9) 5.04 (dd, 10.8, 3.6)

5.09 (ddt, 10.1, 4.1, 1.9) 4.95 (dd, 16.0, 3.5) 4.99 (ddt, 15.6, 3.2, 1.9) 5.05 (dd, 18.0, 3.6)

OMe-1 3.75 (s)

OH-1 6.11 (s) 6.67 (s)

OH-2 5.35 (s)

OH-1″ 12.14 (s) 8.37

a Measured in CDCl3, recorded at 600MHz, δH in ppm, J in Hz; b Measured in acetone-d6, recorded at 400MHz, δH in ppm, J in Hz; c Measured in acetone-d6, recorded at 600MHz,

δH in ppm, J in Hz; d Measured in DMSO-d6, recorded at 600MHz, δH in ppm, J in Hz
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vealed that H-5 and the allyl group of C-4 were β-oriented. Con-
sequently, compound 4 was determined and named simonsol D.
The HREIMS for the mixture of 5 and 7 showed a molecular ion
peak at m/z 400.2037 corresponding to the molecular formula
C27H28O3. The NMR spectra of the mixture contained a pair of
well-separated signals, indicating a keto/acetal equilibrium of
sesquineolignans (5 and 7) in a ratio of 2:1. The equilibratedmix-
ture was not liable to separation by HPLC under various condi-
tions. The 1H and 13C NMR data for 5 were readily summarized
in l" Tables 2 and 3. The NMR spectra data of 5 were similar to
those of 6 except for the nonaromatic ring signals [10]. The tri-
substituted double bond related to C-2 and C-3 in 6was replaced
by a methine (δC/H 49.3/2.96) and a methylene (δC/H 39.8/1.97
and 2.78) in 5. The ketone carbon must be placed on C-1, since
the HMBC correlations of this carbon with H-2, H-3, H-5, and H-
6 were observed. The observed ROESY correlations (l" Fig. 3) of
H-5/H-6β and H-2/H-3α indicated that H-5 had β-orientation
and H-2 had the opposite orientation (α). However, the relative
configuration of the allyl group at C-4 was not clarified. There-
Dong C et al. Sesquineolignans and Terpene-Sesquineolignans:… Planta Med 2013
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fore, the structure of compound 5was determined, and the com-
pound named simonsol E.
Compound 7, colorless gum, had the same molecular formula
(C27H28O3) as 5. Analysis of its NMR data (l" Tables 2 and 3) re-
vealed that 7 was very similar to 5 except for the presence of a
hemiacetal-type carbon signal at δC 109.9 (C-1) in 7 instead of
the signal due to a carbonyl carbon C-1 existing in 5. This was es-
tablished by the HMBC correlations (l" Fig. 2) of OH-1 (δH 6.11)/
C-1, 2, 6. Further analysis of 2DNMR spectra culminated in pro-
posing the plane structure in l" Fig. 1 for 7. In the ROESY experi-
ment, H-2 exhibited correlations with H-3β and OH-1, H-5
showed correlations with H-7, H-8, and H-6β, and OH-1 showed
crosspeak with H-6β. Therefore, OH-1, H-2, H-5, and the allyl
group of C-4 were on the same side (β). Thus, the structure of 7
was determined, and the compound named simonsin A.
Compound 8 had themolecular formula C27H28O4, as determined
by HREISMS. Comparison of NMR data between 8 and 7 indicated
that 8was identical to 7 except for one more hydroxyl group at C-
2 in 8, causing a significant downfield chemical shift of C-3 (δC
; 79: 1–11
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Table 4 NMR data of compounds 9–10.

No. 9a 10b

1 44.0 s 70.1 s

2 91.9 d 3.62 (dd, 8.6, 5.4) 84.0 d 4.46 (dd, 7.5, 3.0)

3α 43.9 t 1.02 (dd, 11.6, 8.6) 26.7 t 1.74 (ddd, 13.9, 7.5, 2.0)

3β 0.74 (dd, 11.6, 5.4) 1.88 (ddd, 13.9, 3.0, 2.0)

4 36.4 s 39.2 d 1.62 (dddt, 6.8, 3.4, 2.3, 2.0)

5 50.7 d 1.08 (dd, 11.7, 4.3) 130.3 d 5.41 (dd, 10.2, 3.0)

6α 20.9 t 0.92 (m) 133.9 d 5.70 (dd, 10.2, 2.3)

6β 1.16 (dddd, 11.7, 11.7, 8.0, 4.9)

7α 33.8 t 1.13 (m) 25.9 q 1.48 (s)

7β 0.96 (m)

8 35.1 s 32.6 d 1.25 (dqq, 6.8, 6.6, 6.6)

9 74.9 d 3.10 (br s) 20.9 q 0.69 (d, 6.6)

10α 26.5 t 1.42 (dddd, 10.2, 10.2, 6.5, 6.5) 20.3 q 0.67 (d, 6.6)

10β 1.73 (m)

11α 27.0 t 1.74 (m)

11β 0.60 (m)

12α 34.7 t 0.08 (d, 12.9)

12β 1.18 (d, 12.9)

13 24.7 q 0.67 (s)

14 31.2 q 0.42 (s)

15 29.0 q 0.78 (s)

1′ 152.3 s 152.0 s

2′ 133.8 s 134.1 s

3′ 131.8 d 7.13 (s) 133.2 d 7.50 (s)

4′ 136.5 s 135.1 s

5′ 131.8 d 7.13 (s) 133.2 d 7.50 (s)

6′ 133.8 s 134.1 s

7′ 40.2 t 3.44 (2H, d, 6.8) 40.3 t 3.35 (2H, d, 6.8)

8′ 138.6 d 6.04 (ddt, 16.9, 10.0, 7.0) 138.5 d 5.94 (ddt, 16.9, 10.0, 6.9)

9′ 116.1 t 5.10 (dd, 10.0, 1.8) 116.3 t 4.97 (dd, 10.0, 1.7)

5.15 (dd, 16.9, 1.8) 5.07 (dd, 16.9, 1.7)

1″, 1′′′ 153.7 s 154.8 s

2″, 2′′′ 127.7 s 128.3 s

3″, 3′′′ 132.2 d 7.10 (d, 2.5) 132.7 d 7.49 (d, 2.3)

4″, 4′′′ 132.0 s 131.2 s

5″, 5′′′ 129.7 d 7.05 (dd, 8.2, 2.5) 129.8 d 7.18 (dd, 8.3, 2.3)

6″, 6′′′ 117.6 d 6.89 (d, 8.2) 117.6 d 7.27 (d, 8.3)

7″, 7′′′ 40.0 t 3.36 (2H, d, 6.7) 40.3 t 3.41 (2H, d, 6.8)

8″, 8′′′ 139.3 d 5.98 (ddt, 16.9, 10.2, 6.8) 139.2 d 6.09 (ddt, 16.9, 10.2, 6.8)

9″, 9′′′ 115.3 t 4.98 (dd, 10.2, 1.9) 115.9 t 5.12 (dd, 10.2, 1.9)

5.06 (dd, 16.9, 1.9) 5.16 (dd, 16.9, 1.9)

a Measured in DMSO-d6; b Measured in C5D5 N
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42.4) and C-2 (δC 76.9). This was supported by the HMBC correla-
tions (l" Fig. 2) between the hydroxyl proton at δH 5.35 (OH-2)
and C-1, C-2, C-3, C-2″. The relative configuration of 8 was deter-
mined to be the same as that of 7 from a ROESY experiment
(l" Fig. 3). Thus, the structure of compound 8 was determined,
and the compound named simonsin B.
Compound 9was obtained as colorless gum. Its molecular formu-
la of C42H50O4 was determined by the positive HREIMS ion atm/z
618.3702 [M]+ (calcd. for C42H50O4, 618.3709), indicative of 18
degrees of unsaturation. The IR spectrum implied the presence
of hydroxyl group (3428 cm−1), aromatic ring (1639, 1498 cm−1),
and ether bond (1216 cm−1). Analysis of the 1H NMR spectrum
disclosed the presence of three allyl groups [δH 3.44 (2H, d,
J = 6.8 Hz, H-7′), 6.04 (ddt, J = 16.9, 10.0, 7.0 Hz, H-8′), 5.10 (dd,
J = 10.0, 1.8 Hz, H-9′), 5.15 (dd, J = 16.9, 1.8 Hz, H-9′); δH 3.36 (2H,
d, J = 6.7 Hz, H-7″, 7′′′), 5.98 (ddt, J = 16.9, 10.2, 6.8 Hz, H-8″, 8′′′),
4.98 (dd, J = 10.2, 1.9 Hz, H-9″, 9′′′), 5.06 (dd, J = 16.9, 1.9 Hz, H-
9″, 9′′′)], two 1,2,4-trisubstituted benzene rings [δH 7.10 (d,
Dong C et al.
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J = 2.5 Hz, H-3″, 3′′′), 7.05 (dd, J = 8.2, 2.5 Hz, H-5″, 5′′′), 6.89 (d,
J = 8.2 Hz, H-6″, 6′′′)] as well as three tertiary methyl groups (δH
0.42, 0.67, and 0.78). The 13C NMR spectrum (l" Table 4) displayed
signals for thirteen quaternary carbons, fourteen methines,
twelve methylenes, and three methyl carbons. Comparison of
the spectroscopic data of 9 and those known sesquineolignans
isolated from the genus Illicium revealed that 9 consisted of dun-
nianol [11] and a sesquiterpenemoiety. Analysis of the 1H and 13C
NMR data of the sesquiterpene part allowed us to elucidate it as
clovanediol [12,13]. The structure of clovanediol was further
confirmed by the 1H-1H COSY and HMBC correlations summar-
ized inl" Fig. 4. Moreover, no NOEwas observed for any aromatic
proton correlating with H-2 (δH 3.62), and this result, together
with the symmetric NMR signals of the sesquineolignan part, in-
dicated that C-1′ of dunnianol was connected to C-2 of clovane-
diol via an ether bond, as further established by the HMBC corre-
lation of H-2/C-1′ (δC 152.3). The NOE correlations of H-2/H-3α,
12α, Me-14, H-3α/Me-14, H-5/H‑10, and H-6/H‑12α, Me-14, as
Sesquineolignans and Terpene-Sesquineolignans:… Planta Med 2013; 79: 1–11
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Fig. 2 Selected 1H-1H COSY and HMBC correlations of 1–5, 7, and 8.
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shown in l" Fig. 4, revealed the β-orientation of the dunnianol
unit, Me-13, H-9, and H-5. Thus, compound 9 was named clova-
nedunnianol.
Compound 10 was assigned the molecular formula C37H42O4 by
HREIMS, possessing 17 degrees of unsaturation. The 1H NMR
spectra revealed signals due to three methyl groups [δH 1.48 (s,
Me-7); δH 0.69 (d, J = 6.8 Hz, Me-9); δH 0.67 (d, J = 6.8 Hz, Me-
10)], two olefinic protons, three allyl groups, and two 1,2,4-tri-
substituted aromatic rings, indicating the presence of aromatic
and monoterpene moieties. Comparison of the spectroscopic da-
ta of 10 and 9 suggested that the symmetric aromatic moiety of
10was identical to the dunnianol part of 9 and the OH-1′ position
was bonded to the monoterpene moiety. The 13C NMR data and
careful assignment of 2DNMR (l" Fig. 5) spectra indicated that
the monoterpene part was very similar to (−)Δ5-dehydro-1-hy-
droxyneocarvomenthol [14], implying that the monoterpene
moiety was an unsaturated p-menthadiol. Moreover, in the
Dong C et al. Sesquineolignans and Terpene-Sesquineolignans:… Planta Med 2013
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HMBC spectrum, H-2 was observed to show correlation with C-
1′, which confirmed that C-2 of p-menthadiol was connected to
C-1′ of dunnianol by an ether bond. The ROESY correlations
(l" Fig. 5) of H-2/H‑8, Me-1 and H-3α/H‑8, Me-9 revealed that
the relative configuration of the hydroxyl groups at C-1 and C-2
was cis [15] and that the isopropyl group of C-4 and Me-1 had
α-orientation. Thus, the structure of 10 was determined as de-
picted inl" Fig. 1, and the compound named p-menthadunnianol.
Increased AChE activity is closely related to a neurodegenerative
disorder – Alzheimerʼs disease. AChE inhibitors can protect neu-
rons through a variety of ways. Recently, three sesquineolignans
and two known compounds isolated from the pericarps of I. si-
monsii were found to have neurotrophic activity [16]. So we
tested the anti-AChE activity of the compounds isolated from
the aerial parts of I. simonsii [8]. Our results showed that com-
pounds 9, 10, and the mixture of 5 and 7 showed moderate anti-
AChE activity with IC50 values of 4.58 µM, 6.55 µM, and 10.34 µM,
; 79: 1–11
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Fig. 3 Selected ROESY correlations of 1-5, 7, and 8. (Color figure available online only.)
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respectively (Supporting Information). Compounds 7 and 8 were
inactive for AChE inhibition at 50 or 100 µM. Tacrine was used as
the positive control (55.6% inhibition) with an IC50 value of
0.33 µM. In order to test the activity specificity, the anti-BuChe
(another enzyme related with Alzheimer′s disease [17]) activity
of the compounds was also examined. All the compounds
(50 µM) were inactive for BuChE inhibition.
Dong C et al.
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Fig. 5 Selected 1H-1H COSY, HMBC, and ROESY
correlations of 10.

Fig. 4 Selected 1H-1H COSY, HMBC, and ROESY
correlations of 9.
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